Objectives. The Veterans Affairs Non-Q-Wave Infarction Strategies In-Hospital (VANQWISH) trial was designed to compare outcomes of patients with a non-Q wave myocardial infarction (NQMI) who were randomized prospectively to an early "invasive" strategy versus an early "conservative" strategy. The primary objective was to compare early and late outcomes between the two strategies using a combined trial end point (all-cause mortality or nonfatal infarction) during at least 1 year of follow-up.
Approximately 50% of the 1.5 million patients in the United States who sustain an acute myocardial infarction (AMI) each year have non-Q wave myocardial infarction (NQMI) (1-3).
The percentage of NQMIs has increased over the past two decades, probably due to a variety of factors (4, 5) . Because of the widespread use of both aspirin and thrombolytic agents in AMI, 40% to 45% of patients who present with acute ST segment elevation do not have electrocardiographic (ECG) Q waves after thrombolysis (6 -9) , thus contributing to the expanding pool of patients with NQMI.
Despite a more favorable early prognosis, long-term survival of patients with NQMI is similar to that of patients who have had a Q wave AMI (10, 11) . The higher rate of infarct extension and postinfarction ischemia after NQMI (10 -14) resulted in a more aggressive approach to diagnosis and treatment. The 1987 American College of Cardiology/ American Heart Association (ACC/AHA) Joint Task Force Report on Guidelines for Coronary Arteriography recommended that NQMI (even in asymptomatic patients) constituted a class I ("definite") indication for diagnostic coronary angiography (15) . This 10-year old recommendation, not derived from prospective, randomized trials, contrasted with the approach often applied after Q wave AMI, where only higher risk patients were recommended to undergo coronary angiography. Even though the recently published ACC/AHA Guidelines for the Management of Patients With Acute Myocardial Infarction (16) reclassified coronary angiography after NQMI as a class IIb indication (usefulness/efficacy is not established by evidence/opinion), an aggressive approach to early invasive management of NQMI has become firmly entrenched in clinical practice.
The utility of routine invasive testing in the management of survivors of AMI remains uncertain. Published findings in post-AMI patients with ST segment elevation (Thrombolysis in Myocardial Infarction-IIB trial [TIMI-IIB]) (17) or ST segment depression (TIMI-IIIB trial) (18) have suggested that the routine use of invasive testing followed by myocardial revascularization may result in unnecessary diagnostic and interventional procedures. Recently published data from Global Use of Strategies to Open Occluded Arteries (GUSTO) demonstrated no improvement in clinical outcomes in regions of the United States where angiography and angioplasty were performed more frequently (19) . Moreover, it remains unproven whether these procedures improve quality of life (20) .
We initiated a prospective, randomized trial at 15 Department of Veterans Affairs medical centers, from which 920 patients with NQMI were randomized to an early "invasive" versus an early "conservative" strategy. The primary objective was to compare early and late outcomes between the two randomized management strategies using a combined trial end point (all-cause mortality or nonfatal infarction) during 12 to 44 months of follow-up. Secondary objectives included analysis of risk stratification covariates and detailed cost-effectiveness comparisons, including functional status and quality of life assessments. Objectives. The primary objective was to test the hypothesis that patients recovering from NQMI would have equivalent long-term clinical outcomes (all-cause mortality or recurrent nonfatal infarction), using either an early conservative or invasive diagnostic strategy. The invasive strategy consisted of routine diagnostic coronary angiography ("anatomic" risk assessment). The conservative strategy consisted of selective, specialized, noninvasive testing ("functional" risk assessment).
Methods
An important secondary objective was to establish clinical, demographic, ECG, laboratory and diagnostic risk factors for patients with NQMI at hospital discharge and during longterm follow-up. Other secondary objectives were to assess direct and indirect costs and other health care outcomes (functional status and quality of life).
Patient selection. Patients with suspected NQMI were screened for trial eligibility by study coordinators during hospital admission. Serial 12-lead ECGs and cardiac enzymes (creatine kinase [CK], lactic dehydrogenase [LDH] and serum glutamic oxaloacetic transaminase [SGOT] ) and isoenzymes (CK-MB) were obtained on hospital entry and at regular intervals for 24 to 72 h. Patients were eligible to receive any therapy considered to be standard care during the early course of the hospital period. Inclusion and exclusion criteria are summarized in Table 1 .
Electrocardiographic and enzymatic diagnosis. The ECG analysis was modeled after the Atlanta code in which serial tracings were obtained at multiple time points after NQMI symptom onset during the initial 24 to 72 h in the coronary care unit (4) . At least one ECG was obtained 48 h after hospital admission to exclude the late development of Q waves, the vast majority of which (80%) occur within that period (21) . Patients were excluded from the study if they had abnormal Q waves (i.e., 30 ms in duration in two leads within a given lead group) or R waves (i.e., 40 ms in lead V 1 and an R/S ratio of 1 in lead V 2 ) (22) .
Acute ST segment displacement or T wave inversions were not prerequisites. Significant ST segment shifts were defined as the presence of 1 mm of ST segment elevation, depression or T wave inversion (or, in the presence of left ventricular hypertrophy, 2 mm of ST segment depression) in two leads within a given NQMI location.
Serial ECGs were interpreted by site investigators and forwarded to a core laboratory for subsequent analysis. For the purpose of stratifying patients between randomized strategy assignments, the designations of "anterior versus nonanterior" location and "ST segment depression versus no ST segment depression" were derived from the entry ECG, whereas data for coding baseline ECGs were derived from the tracing judged by the site investigator to be most representative of all serial tracings obtained within the initial 24 to 72 h of NQMI onset. Thus, certain discrepancies may be apparent between various ECG categories derived at the time of randomization (blocking variables) and at "study baseline" (24 to 72 h after index NQMI). For patient qualification, one or more cardiac enzymes (total CK, LDH, SGOT) had to be 1.5 times the hospital's upper normal laboratory limit and/or two consecutive total CK and CK-MB determinations separated by 4 h had to exceed the upper normal limit.
Randomization procedure. Patients who met study entry criteria and gave written, informed consent were randomized, using the adaptive allocation (biased coin) procedure (23) . This procedure maximized the probability that the number of patients allocated to each strategy was balanced within center and for each of the following five prognostic (stratifying) variables: age (Ͻ60 or Ն60 years), previous AMI (yes/no), use of thrombolytic agents (yes/no), AMI location by ECG (anterior/ nonanterior) and entry ST segment depression (yes/no).
Experimental protocol. Randomization occurred typically within 1 to 3 days of NQMI onset, generally on transfer from the coronary care unit. Patients transferred from an outlying hospital center were randomized within 7 days of clinical and enzymatic NQMI onset. The protocol summarizing patient management is depicted in Figure 1 . For patients assigned to the invasive strategy, early diagnostic coronary angiography was performed as the initial post-NQMI test, generally within 3 to 7 days after NQMI onset. Decisions to proceed with additional noninvasive testing or myocardial revascularization were left to the discretion of the investigators. TIMI-IIIB management guidelines for revascularization were followed (18) : patients with significant single-vessel coronary artery disease were considered candidates for percutaneous transluminal coronary angioplasty or atherectomy, whereas coronary artery bypass graft surgery was recommended for multivessel disease. The decision to revascularize a "culprit" stenosis only, to perform a "complete" revascularization procedure or to continue medical therapy was left to the individual investigator's discretion. Whenever appropriate, all study patients received enteric-coated aspirin, 325 mg/day, and diltiazem (Cardizem CD), 180 to 300 mg/day, based on previously published data supporting this therapy as a secondary prevention in NQMI (24 -26) .
For patients randomized to the conservative strategy, a radionuclide ventriculogram to assess left ventricular function was performed as the first noninvasive test, generally 3 to 7 days after NQMI. Coronary angiography was not required if the ejection fraction was reduced. Before hospital discharge (6 to 9 days after NQMI), a symptom-limited (standard Bruce) treadmill exercise test was performed with planar or singlephoton emission computed tomographic thallium scintigraphy. In patients who could not achieve 5 metabolic equivalents of exercise, an intravenous infusion of dipyridamole, 0.56 mg/kg, was administered, after which thallium scintigraphy was performed. To ensure quality and accuracy, each participating site was required to submit examples of thallium studies and to correctly interpret "unknowns" provided by the Nuclear Cardiology Laboratory (see Appendix) before initiation of the trial.
Coronary angiography with or without myocardial revascularization was performed in patients randomized to the conservative strategy only if one or more of the following criteria were satisfied: 1) clinical criterion-the patient developed recurrent post-NQMI angina associated with ischemic ECG changes; 2) exercise ECG criterion-the patient exhibited Ն2 mm of ST segment deviation during peak exercise; 3) thallium scintigraphic criterion-the patient displayed two or more redistribution defects or one redistribution defect plus increased lung uptake of thallium.
Decisions to perform myocardial revascularization in patients assigned to either strategy were made by the local site investigator, using the results of invasive or noninvasive tests, or both, performed at his or her institution. For patients follow-up during trial 12. Inability/unwillingness to provide informed, written consent AMI ϭ acute myocardial infarction; CABG ϭ coronary artery bypass graft surgery; CK ϭ creatine kinase; CK-MB ϭ creatine kinase, MB isoenzyme; ECG ϭ electrocardiographic; LDH ϭ lactic dehydrogenase; NQMI ϭ non-Q wave myocardial infarction; PTCA ϭ percutaneous transluminal coronary angioplasty; SGOT ϭ serum glutamic oxaloacetic transaminase.
assigned to the invasive arm in whom coronary angiographic findings were "equivocal" for significant stenosis, optional noninvasive testing could be obtained as needed. All coronary angiograms were forwarded subsequently to a core laboratory for subsequent blinded review and coding (see Appendix), but these centrally obtained interpretations were not used for local decision-making.
Patient intake and follow-up. Patient intake ended on December 31, 1995, after the enrollment of 920 patients, and the trial concluded on December 31, 1996. Study patients were seen at 1 month after hospital discharge and at 3-month intervals until trial termination. Patient follow-up ranged from 12 to 44 months (average 23). Electrocardiograms were obtained at 1, 3 and 12 months and annually until trial termination. Quality of life assessments and questionnaires were obtained at 1 and 12 months of follow-up and at the final visit.
End points. The primary end point of the trial was allcause mortality or recurrent nonfatal AMI, whichever occurred first during a minimal 12-month follow-up period. Secondary end points included Kaplan-Meier estimates of cumulative event-free survival, hospital readmissions for unstable angina, need for myocardial revascularization, major procedural complications after coronary angiography or myocardial revascularization, quality of life assessments and resource utilization between the two strategies.
Statistical methodology. The trial was designed to evaluate whether the primary end point rates for the two strategy groups were equivalent during cumulative follow-up (12 to 44 months; mean 2.5 years). Sample size was calculated using the formula of Makuch and Simon (27) for an equivalence study design based on binomial proportions. The assumptions included an end point rate of 20% in each group during 12-month follow-up (28,29); a intergroup difference of 7.5% (the minimal group difference judged to be of clinical significance); a 5% two-sided significance level; and 80% power. The calculated sample size of 894 patients was inflated to the target of 922 patients (461 per group) to adjust for a projected 3% lost to follow-up rate during the first 12 months of follow-up.
Formal interim analyses for efficacy were conducted as requested by the Data Monitoring Board, using the method of Lan and DeMets (30) with an O'Brien-Fleming type spending function (31), which adjusted for multiple looks at the data while preserving a near nominal overall significance level. Patients who did not adhere to the assigned strategy were included as randomized in analyses (i.e., by intention-to-treat).
Results
Figure 2 presents a summary of patient selection and randomization. A total of 21,449 patients with a suspected acute coronary syndrome was screened during 32.5 months of recruitment. Of these patients, 2,738 patients had evidence of evolving NQMI, 920 of whom (34%) were randomized. This high proportion of patients with NQMI who were randomized to the VANQWISH trial supports external generalizability of subsequent trial results.
The adaptive allocation randomization procedure resulted in balanced distribution of patients at each site according to the stratifying variables and protocol strategy. Baseline characteristics by stratifying variables are presented in Table 2 . Table 3 summarizes the baseline clinical characteristics for the entire study group. A high percentage of patients had smoked previously (86%), about half of whom (43%) were current smokers. Fifty-four percent were hypertensive, 26% had diabetes requiring insulin and 18% had peripheral vascular disease, but only 17% reported a history of hypercholesterolemia under treatment.
Of note, 43% of patients had a history of angina and 45% had antecedent angina within 3 weeks of NQMI. Of this group, 63% had at least Canadian Cardiovascular Society class II angina. These clinical characteristics are compatible with a moderate to high risk group of patients with NQMI.
Cardiac medications at hospital admission included aspirin (46%), calcium channel blockers (36%), nitrates (31%), betablockers (22%), diuretics (22%), angiotensin-converting enzyme inhibitors (22%), a lipid-lowering agent (13%), digitalis (9%) and warfarin (5%).
The randomization ECG demonstrated a spectrum of findings, as illustrated in Table 4 . More than half of the patients (57%) did not have ST segment shifts (ST segment elevation or depression) on the qualifying tracing, and 21% had no ECG changes at all. Approximately 30% presented with ST segment elevation. T wave inversion was common (49%); left ventricular hypertrophy was uncommon (11%); and one-quarter of the patients had previous Q waves. The slight discrepancy in the reported rate of anterior AMI location between Tables 2 Figure 2 . Randomization of patients to the VANQWISH trial. There were 1,561 protocol-eligible NQMI patients, 920 of whom were subsequently randomized (59%); among all eligible NQMI patients (n ϭ 2,247), 41% were randomized, and among all (eligible plus ineligible) NQMI patients (n ϭ 2,738), 34% were randomized. A total of 247 (9%) of all eligible NQMI patients were excluded for "very high risk" attributes (unstable angina after infarction, congestive heart failure that did not respond to medical therapy, cardiogenic shock or symptomatic ventricular arrhythmia). ICU ϭ intensive care unit; LBBB ϭ left bundle branch block; other abbreviations as in Fig. 1 . and 5 was due to the occasional use of different ECGs for the randomization procedure ("entry" tracing) and the baseline tracing (most representative ECG for evolving NQMI).
Of the 272 (30%) of 920 patients who presented with ST segment elevation, 97 (36%) received thrombolytic therapy. A total of 115 patients (13%) received thrombolytic therapy. Some patients who had ST segment elevation did not meet accepted ECG criteria or had contraindications to thrombolytic therapy; 18 patients without ST segment elevation also received thrombolytic therapy. Table 5 presents the characteristics of the patients according to their treatment with thrombolytic therapy. Patients who received thrombolytic therapy were slightly younger (58.6 vs. 61.8 years), were much more likely to be current smokers (62% vs. 41%) and were much less likely to have hypertension (36% vs. 57%) or diabetes (13% vs. 28%).
Discussion
Aggressive approach to post-NQMI evaluation. Postinfarction angina, reinfarction and increased late mortality are important ischemia-related complications of patients recovering from NQMI (10 -14,20,29) . Although both observational (32) (33) (34) (35) (36) (37) (38) and retrospective analyses (39 -43) suggest that high and low risk subsets can be identified, that ischemia-related complications occur in 40% of survivors and that conservative management may be appropriate for most patients with NQMI, the overall diagnostic and therapeutic approach to these patients has become more aggressive during the last decade. This practice is based on the presumption that an Tables 1 and 2. invasive strategy of routine coronary angiography is superior to a conservative strategy of noninvasive stress testing with selective revascularization in patients who are at risk for developing adverse ischemic outcomes.
Previous NQMI trials. There are few prospective trials to guide clinical decision-making in the management of NQMI. The TIMI-IIIB trial (18) was the only published multicenter clinical trial to prospectively examine the impact of randomly assigned diagnostic and therapeutic strategies on short-term outcome in patients recovering from NQMI. The primary objective of the TIMI-IIIB trial was to assess 6-week outcomes in a large group of patients with unstable angina or NQMI, randomized to either an early invasive or early conservative strategy. Only 476 (32%) 1,473 patients had NQMI, 252 of whom were randomized to the early invasive strategy and 224 to the early conservative strategy. There were 18 deaths or recurrent nonfatal AMIs in the invasive strategy group and 22 in the conservative strategy groups at 6 weeks (p ϭ 0.30) (18) .
TIMI-IIIB was not powered to detect differences in management strategies in the subset of patients with NQMI. Moreover, among the 733 patients randomized to the early conservative strategy in TIMI-IIIB, 64% underwent diagnostic coronary angiography before day 42, and 90% underwent coronary angiography before hospital discharge (18) . This high "crossover" rate and the short period of follow-up limit TIMI-IIIB's usefulness to provide clinically meaningful comparisons between the two strategies.
ST segment elevation versus ST segment depression and thrombolytic therapy. When our study was designed in 1992, it was not clear that the direction of ST segment deviation was associated with a different response to thrombolytic therapy. Not until the TIMI-IIIB trial was published in 1994 (18) did it become apparent that only patients presenting with ST segment elevation were benefited by thrombolytic therapy.
Furthermore, patients who received thrombolytic therapy in this study had different baseline cardiovascular risks. They were strikingly more likely to be current smokers and much less likely to have hypertension or diabetes. They also had a lower prevalence of peripheral vascular disease and known hypercholesterolemia and were slightly younger.
Patients may be more likely to present with ST segment elevation if they have plaque rupture without previous sufficient flow-limiting disease to stimulate the development of collateral channels. Multiple moderate lesions in major coronary arteries or branch vessels ("diffuse disease") are more likely to be present in patients who have multiple cardiac risk factors. Plaque rupture in these patients may jeopardize less myocardium, and thus patients may present with ST segment depression, T wave inversion or no ECG changes (i.e., with NQMI). Also, cigarette smoking decreases high density lipoprotein cholesterol, stimulates platelet aggregation, promotes vasoconstriction, increases myocardial oxygen demand, reduces oxygen supply by the presence of carboxyhemoglobin and increases fibrinogen levels (44 -47) . These factors are more likely to result in a "catastrophic event" in the case of plaque rupture among patients who present with ST segment elevation.
Finally, because we had no way of anticipating the nonhomogeneity of the thrombolytic and nonthrombolytic NQMI populations, it is fortuitous that this study is sufficiently powered for the major end points without inclusion of the 115 patients receiving thrombolytic therapy.
Rationale for this trial. Clearly, prospective, long-term trials utilizing risk stratification and comparative diagnostic approaches are needed to determine the optimal management strategy for survivors of non-Q wave AMI and to ascertain the cost-effectiveness of an invasive versus conservative management in terms of clinical outcomes, resource utilization and other health care outcomes.
The conduct of such a multicenter trial like VANQWISH within the Department of Veterans Affairs affords certain advantages and disadvantages. Because the veteran population is typically older and often sicker than other patient groups, the associated comorbidity might be expected to result in a higher risk for adverse outcomes. Moreover, the Department of Veterans Affairs health care system is less influenced by physician referral pressures and reimbursement practices in choosing postinfarction diagnostic or therapeutic procedures, thus minimizing the potential for a priori selection bias. However, the low percentage of women veterans limits generalizability of overall trial findings to female patients after NQMI.
Conclusions. The VANQWISH trial represents the largest, most comprehensive clinical comparison of long-term management strategies in patients recovering from NQMI. Data from this trial will hopefully clarify the optimal diagnostic and therapeutic approach to managing patients with this prevalent clinical disorder. Quality Assurance. The Study Chairman's Office reviewed and approved all coronary angiography requests for patients who were randomized initially to the conservative strategy. The Study Chairman had no knowledge of the trial end points and clinical events during patient enrollment. The Coordinating Center centrally randomized patients and conducted internal data checks and external data checks with national data bases and conducted site visits. The Nuclear Cardiology Core Laboratory certified sites in the interpretation of nuclear studies by utilizing phantom studies of unknown radionuclide ventriculograms and planar thallium perfusion scintigrams. This laboratory reviewed a 20% random sample of all thallium studies. The Coronary Angiography Core Laboratory overread baseline coronary angiograms using standard Coronary Artery Surgery Study (CASS) coronary angiography guidelines. The Electrocardiography Core Laboratory overread all study ECGs and provided the End Points Committee with blinded review of relevant ECGs for suspected study end points. The End Points Committee adjudicated all suspected study end points, including cardiac etiology of deaths, nonfatal reinfarctions, ischemic cardiac events resulting in rehospitalization and procedure-related cardiac events. The Data Monitoring Board was an independent committee that reviewed semiannual interim reports of study data for safety and efficacy and the possible need for early trial termination. This board met annually in a joint meeting with the Human Rights Committee, which consisted of lay and clinical persons who ensured the safety and ethical treatment of patients through a review of study data, site visits and patient interviews.
